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Cabrera, A. A. 
 
 
"Nothing in Biology Makes Sense Except in the Light of Evolution"  
Theodosius Dobzhansky (1973) 
 
Dobzhansky (1900-1975) became one of the principal founders of the synthetic 
theory of evolution with his book “Genetics and the origin of species” (Dobzhansky, 
1937). The synthetic theory of evolution represents the synthesis between Darwin’s 
natural selection (Darwin, 1859) with Mendelian genetics (Mendel, 1866) and the 
theoretical work of Sewall Wright (1889-1988), Ronald Fisher (1890-1960) among 
others. It explains the evolution of life in terms of genetic changes that occur within 
populations and that can lead to the formation of new species, if the changes are large 
enough. In 1866, and inspired by Darwin’s work on natural selection, Ernst Haeckel 
(1834-1919) introduced the term Ecology, which he defined as “the science of the 
relations of the organisms to the environment including, in the broad sense, all the 
conditions of existence” (Haeckel, 1866; translated by Stauffer, 1957).  
Although ecology and evolution are intimately related, the majority of 
ecological studies have focused on a relatively small temporal scale and (implicitly) 
assumed that the organisms are identical over time. Whereas, evolutionary studies have 
mainly focused on a relatively large temporal scale and on the genetic mechanisms 
underlying the patterns of evolution but not on the ecological causes of evolution. 
Evolutionary ecology provides insights into the link between ecology and evolution. 
Evolutionary ecology focuses on both, the evolutionary influences on ecological 
processes, and the ecological influences on evolutionary processes (Endler, 2010).  
In this thesis, I explore different ecological and evolutionary questions 
employing marine mammals as model species. I focus on the high latitude regions of 
both the Northern and the Southern Hemisphere and the environmental changes that 











Origen of marine mammals and diversification 
Marine mammals represent a diverse and highly specialized group of mammals that 
spend the majority of their life in the marine environment. Marine mammals are represented by 
seven distinct evolutionary lineages, each of which independently returned to the marine 
environment (Uhen, 2007). Two of these lineages have gone extinct, namely the desmostylians 
and aquatic sloths (Thalassocnus spp.). The five remaining lineages are extant and include the 
cetaceans (whales, dolphins and porpoise), pinnipeds (eared seals and sea lions, seals as well 
as walruses), sirenians (manatees and dugong), polar bears (Ursus maritimus), and marine 
(Lontra feline) and sea otters (Enhydra lutris spp.; Uhen, 2007; Berta, 2012).  
The transition from a terrestrial to an aquatic existence occurred mainly in three epochs: 
the early Eocene (around 52 Mya), when cetaceans and sirenians evolved, the Oligocene 
(around 30 Mya), when pinnipeds and desmostylians evolved (Uhen, 2007) and the Pleistocene 
when polar bears and sea otters diverged from their terrestrial clades (Ursidae and Mustelidae; 
Liu et al., 2014). It remains unknown what drove terrestrial mammals into the marine 
environment. Prey availability due to increases in ocean productivity, competition and physical 
stress (in particular by glaciation processes) played key roles in the transition to the marine 
environment (Lipps & Mitchell, 1976; Proches, 2001). 
After the transition from land to marine environment, marine mammals diversified into 
many different linages. Currently, there are at least 129 species of marine mammals in the world 
distributed in 66 genera (Pompa et al., 2011). However, fossil record indicates that extant 
marine mammals represent only a small fraction of what was once a much more diverse group 
(e.g. Deméré, 1994; Fordyce & Barnes, 1994; Uhen, 2007). Approximately 80% of the 
described marine mammal genera correspond to fossil records. Uhen (2007) estimated around 
339 marine mammal genera described both for fossil and extant marine mammals. The 339 
genera include 245 cetaceans, 62 pinnipeds and 32 sirenians.  Why though did these groups of 
species diversify – in just a few thousand or million years – to the point of forming a wide 
variety of new species, while other species groups remained essentially unchanged for many 
millions of years?  
The radiation or diversification of marine mammals has been associated with different 
biological and physical events (Lipps & Mitchell, 1976; Pastene et al., 2007; Steeman et al., 




conspecific individuals diverge in different habitats, presumably moving into previously 
unoccupied niches. The eastern coast of Australia provides an example of adaptive radiation in 
marine mammals. Möller et al. (2007) suggested that the creation of a new niche during the 
formation of the embayment in Port Stephens was likely responsible for the occurrence of the 
two different ecotypes of bottlenose dolphins (Tursiops truncatus): the embayment and the 
coastal ecotypes. The periods of pronounced physical restructuring of the oceans have also led 
to elevated rates of diversification in extant cetaceans. The early radiation of toothed whales, 
34-35 Mya was concurrent with the opening of the Drake Passage and the initiation of the 
Antarctic Circumpolar Current (Fordyce, 1980; Steeman et al., 2009). Similarly, the increase 
speciation rate for delphinids, porpoises and beaked whales (13-4 Mya) was concurrent with 
the closure of Panama Seaway, the increase in productivity and the intensification of ocean 
circulation (Steeman et al., 2009).  
Despite their different origin, marine mammals underwent a high degree of convergent 
evolution, resulting in similar morphological, physiological and behavioral traits (Fair & 
Becker, 2000; Berta et al., 2006; Brischoux et al., 2012). This high degree of convergence 
suggests that the marine existence exerted a strong directional selection pressure, leading  to 
drastic changes in almost every aspect from temperature regulation to gas exchange, foraging, 
sensation, locomotion, and reproduction (Vermeij & Dudley, 2000). The much higher density 
and viscosity of salt water compared to air represented significant transformations to the 
mechanical and physiological systems of locomotion (Williams, 1999) in terrestrial mammals 
and are presumably the underlying reason to similar modes of locomotion among marine 
mammal groups of different origins, such as the flippers of pinnipeds, cetaceans, and sirenians 
(Perrin et al., 2008; Shen et al., 2012). This and other analogous structures were suggested to 
have evolved as a consequence of selection to similar environmental pressures of the aquatic 
environment (Howell, 1930). 
 
Why study marine mammals? 
Marine mammals represent a remarkable example of evolutionary change. Despite their 
multiple origins, marine mammals have undergone highly convergent evolution suggesting that 
the marine environment asserts a strong directional selection pressure on the mammal 
“bauplan”. The diverse origin and independent evolution of marine mammals relative to their 
terrestrial cousins make marine mammals an excellent evolutionary “experiment” for the study 
of evolution and adaptation in mammals.  
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Despite the small number of marine mammals compared to other groups, their large 
body size and abundance make them essential to the function and structure of marine 
ecosystems (Bowen, 1997; Heithaus et al., 2008). Recent studies have shown that whales can 
enhance primary productivity by efficiently recycling iron and by concentrating nitrogen near 
the surface waters through the release of fecal plumes (Nicol et al., 2010; Roman & McCarthy, 
2010). Marine mammals inflict mortality and induce behavioral modifications on their prey as 
well (Heithaus et al., 2008). The dependency of marine mammals on the aquatic environment 
for survival, combined with their role as top predators, makes them indicators of ecosystem 
state, productivity level or habitat degradation (Stirling & Øritsland, 1995; Reynolds III & 
Rommel, 1999; Rosing-Asvid, 2006). Furthermore, conservation and management plans are 
needed to ensure the sustainability of the harvest of each population and the recovery of 
endanger species. 
 
Evolutionary ecology of marine mammals 
 
Molecular biology as a tool to study evolutionary ecology of marine mammals 
The study of marine mammals is difficult and expensive, particularly in the oceans 
where most species are difficult to observe (Kaschner et al., 2011). Many species are highly 
mobile with large and remote distributions, which, combined with their long generation time, 
make evolutionary and demographic changes difficult to detect, especially using field studies 
(Kaschner et al., 2011; Davidson et al., 2012; Foote et al., 2012a). Advances in molecular 
genetic techniques provide an opportunity for investigating such changes and to examine 
interactions among populations and the role of individuals within populations (Berta et al., 
2006; Foote et al., 2012a). With a small tissue sample collected directly or indirectly from living 
or deceased animals, nuclear and mitochondrial genetic information can be obtained. Genetic 
information can be used to assess many outstanding ecological and evolutionary questions. 
Here, I summarize what we have learned from molecular studies in marine mammals, in terms 
of distribution, population structure, population size and migration.  
 
Ecological and evolutionary factors driving the patterns of marine mammal distribution 
The patterns of geographic distribution differ strongly in marine mammals (Kaschner et 
al., 2011; Pompa et al., 2011). Marine mammals occupy a wide diversity of habitats, from 




areas to deep oceanic waters. How did a species come to occupy its present distribution? What 
processes have determined the patterns of distribution? Why are some closely related species 
confined to the same region, whereas other species are found at different regions of the world 
(i.e. species with an antitropical distribution)? The answers to these questions are still unclear. 
However, a combination of ecological and evolutionary factors, including geographic barriers 
and continental movements associated with the opening or closure of seaways (e.g. Steeman et 
al., 2009), prey distribution (Croll et al., 2005), temperature variation and its relation with 
glaciations and sea level (e.g. Pastene et al., 1994; Amaral et al., 2012; Boehme et al., 2012), 
as well as historical processes of speciation and extinction have played an important role in 
shaping the distribution (e.g. Deméré et al., 2003; Fontaine et al., 2010). The antitropical 
distribution of several species, such as the North Atlantic (Eubalaena glacialis) and southern 
right whales (E. australis), can be explained by the environmental changes that occurred during 
the glacial and interglacial periods of the Pleistocene (Rosenbaum et al., 2000). During the 
glaciations water temperatures were lower and facilitated trans-equatorial dispersal of cold-
water marine mammal species (Davies, 1963). Rosenbaum et al. (2000) suggested that during 
the glacial periods right whale populations expanded and crossed the equator; then during the 
subsequent warmer interglacial periods, individuals returned to higher latitudes and separated. 
Similarly, Boehme et al. (2012) proposed that the current distribution of grey seals (Halichoerus 
grypus) was shaped principally by the expansion of ice-sheet and lowering of sea level during 
the glacial periods, when the populations decline due to habitat loss. 
 
Population genetic structure in marine mammals 
Most species are spatially structured into populations that are genealogically linked 
(Avise, 2000; Avise, 2009). In general, strong genealogical structure characterizes low-
dispersal species (Avise, 2009). However, marine mammals with high-dispersal capacity can 
also be genetically structure even on relatively small geographical scales (e.g. Baker et al., 
1993; Palsbøll et al., 1995; Bérubé et al., 1998; Garcia-Rodriguez et al., 1998; Tolley & Rosel, 
2006; Graves et al., 2009; Fontaine et al., 2010; Vianna et al., 2010; Ansmann et al., 2012; 
Lowther et al., 2012; Campagna et al., 2013). Garcia-Rodriguez et al. (1998) estimated the 
genetic structure and phylogeography of the West Indian manatee (Trichecus manatus). The 
authors found strong population structure among locations and suggested that coastal habitat 
preferences, rare long-distance movements and temporal scale and frequency of long-distance 
colonization might explain this pattern.  Using genetic differentiation metrics and Bayesian 
structure analysis, Ansmann et al. (2012) found fine-scale genetic structure in inshore Indo-
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Pacific bottlenose dolphin populations inhabiting Moreton Bay, Australia. The structure 
between groups of sympatric dolphin was likely maintained by a variety of inter-related factors 
that may include local habitat variation, resource availability, differential niche use, social 
learning and anthropogenic disturbances (Ansmann et al., 2012). In the following section some 
of the factors and processes that have shaped the genetic structure of marine mammals are 
illustrated. 
 
 Contemporary and historical processes driving genetic structure in marine mammals 
Population structure is the result of contemporary and historical processes (Hewitt & 
Butlin, 1997). The Pleistocene glacial oscillations are one of the main historical processes that 
have influenced the genetic structure of populations and species (Hewitt, 1996, 2011), including 
marine mammals. Different responses at various temporal and spatial scales have been observed 
in species from both hemisphere (e.g. Medrano-Gonzalez et al., 1995; Stanley et al., 1996; 
Túnez et al., 2010; Phillips et al., 2011; Amaral et al., 2012; Túnez et al., 2013). During the 
glaciations, some marine mammal populations became contracted and isolated, reducing gene 
flow and promoting genetic differentiation. Stanley et al. (1996) analyzed the worldwide 
genetic structure of harbor seals (Phoca vitulina) and found that populations in the Pacific and 
Atlantic Oceans were highly differentiated. The extension of sea ice during the glaciation (2-3 
Mya) was suggested to be the cause of restricted inter-oceanic gene flow. Similarly, Wang et 
al. (2008) proposed that the ancestral population of finless porpoises (genus Neophocaena) was 
divided by the emergence of a land bridge between Taiwan and China during the Last Glacial 
Maximum. During the interglacial periods some of the populations expanded and dispersed 
towards areas which were previously inaccessible, expecting low levels of genetic structure and 
star-like phylogeny, such as the South American sea lion (Otaria flavescens; Túnez et al., 
2010).  
Physical processes (e.g. oceanographic conditions that influence prey availability) may 
have also played an important role in shaping genetic structure of marine mammals. Changes 
in prey abundance caused by oceanographic transitions during the Pliocene and Pleistocene in 
turn affected the distribution (and hence the phylogeography) of dusky dolphins 
(Lagenorhynchus obscurus; Harlin-Cognato et al., 2007). A similar process is suggested for 
harbor porpoises (Phocoena phocoena) in the eastern North Atlantic (Tolley et al., 2001; Tolley 
& Rosel, 2006; Fontaine et al., 2007). Persistent site fidelity rather than a physical barrier can 
also promote population structure. In humpback whales (Megaptera novaeangliae), maternal 




(Baker et al., 1993; Palsbøll et al., 1995; Baker et al., 2013). Furthermore, Lowther et al. (2012) 
used stables isotopes and mitochondrial DNA to estimate the population structure of Australian 
sea lions (Neophoca cinerea) and suggested that female population structure might have been 
driven by fine-scale foraging site fidelity. 
 
Box 1: Research on marine mammals: From casual observation to molecular methods  
 
The study of marine mammals began in prehistoric times with casual observations of animals 
on beaches and offshore (Berta et al., 2006; Perrin et al., 2008; Allen, 2014). It was until the twentieth 
century that the study of marine mammals began as a science or discipline.  The first studies on marine 
mammals were mainly focused on anatomical descriptions of specimens obtained from stranded 
animals, by-catch or hunting (e.g. Howell, 1930; Mackintosh, 1946, 1948; Matthews, 1966). After the 
1960’s an expansion of literature available was observed, and different methods were employed, 
including field observations (e.g. Au & Perryman, 1985; Vidal & Pechter, 1989), photo-identification 
(e.g. Würsig & Jefferson, 1990a), telemetry and satellite tagging (e.g. Durban & Pitman, 2012), 
acoustics and time-deep recordings (e.g. Filatova et al., 2006), molecular methods (e.g. Larsen et al., 
1983), among other. 
The first genetic-based studies on marine mammals were published in 1960s - 1970s with the 
development of electrophoretic methods and histochemical enzyme stains. The first genetic-based 
studies enabled to assess the level of genetic diversity and differentiation between populations (e.g. 
Shaughnessay, 1969; Shaughnessy, 1970; Bonnell & Selander, 1974; Simonsen et al., 1982; Larsen et 
al., 1983). Bonnell and Selander (1974) investigated the genetic differentiation between five breeding 
colonies of northern elephant seals using electrophoretic methods to survey protein variation among 21 
different proteins. They suggested that the uniform homozygosity found may be a consequence of 
fixation of alleles due to a bottleneck. This study represented the first documented case of low genetic 
diversity in response to near extinction and served as a classic example of homogeneity in mammals, 
such as cheetahs (O'Brien et al., 1985). With the introduction of mitochondrial DNA approaches and 
the advances of the polymerase chain reaction (PCR) that enabled to sequence specific DNA segments 
more efficiently (in the late 1980’s), valuable information about phylogeny and evolutionary processes 
was obtained (e.g. Southern et al., 1988; Árnason et al., 1991a; Árnason et al., 1991b; Hoelzel et al., 
1991; Douzery, 1993; Sasaki et al., 2005; Girod et al., 2011). Using sequences of the dolphin 
mitochondrial genome, Southern et al. (1988) found that there are different rates of evolution across the 
mitochondrial genome and that the dolphin mitochondrial genome is closer related to bovine than to the 
rodent or human mitochondrial genome. 
Individual identification of animals is crucial to understand the biology and behavior of marine 
mammals. However, it is not always easy using phenotypic traits or tag attachments (Palsbøll et al., 
1997a). The discovery of mini and microsatellites as a source of highly polymorphic molecular markers 
(Jeffreys et al., 1985; Bruford & Wayne, 1993) to identified individuals, provided the opportunity to 
address questions related to breeding behavior, reproduction, kinship and relatedness in marine 
mammals (e.g. Amos et al., 1991; Ortega-Ortiz et al., 2012; Wiszniewski et al., 2012). Richard et al. 
(1996) for example, used microsatellite DNA to analyze kinship in sperm whale social groups. Hoelzel 
et al. (1999) studied the reproductive success of alpha-males in elephant seals using DNA fingerprinting 
and microsatellite DNA analysis. The combined application of both nuclear and mitochondrial DNA 
markers enhanced the understanding of the historical and contemporary processes driving marine 
mammal distribution patterns, population structure and migration (e.g. Lyrholm et al., 1999; Graves et 
al., 2009; Wiemann et al., 2010; Louis et al., 2014b). Amaral et al. (2012) used sequence data from 
mitochondrial and nuclear loci to assess the potential influence of Pleistocene climatic changes on the 
phylogeography and demographic history of the common dolphin. Pilot et al. (2010) combined the 
information provided by nuclear and mitochondrial DNA to showed how killer whale breeding system, 
together with social, dispersal and foraging behavior, contributes to the evolution of population genetic 
structure. Other methods such as random amplification of polymorphic DNAs (RAPD; e.g. Kappe et 
al., 1995; Martinez et al., 1997), restriction fragment length polymorphism (RFLP; e.g. Pastene et al., 
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1994; Masland et al., 2010) and amplified fragment length polymorphisms (AFLPs; e.g. Chen & Yang, 
2009; Dasmahapatra et al., 2009) have been used in marine mammals; however, due to low 
reproducibility and/or replacement by direct sequence their use was very brief.  
Advances in next-generation sequencing technologies (NGS) have provided the ability to obtain 
millions of DNA sequences in a short time and at reduced costs. The application of NGS technologies 
to marine mammal studies is just starting. Most of the studies available have been published within the 
last ten years and focused on the development of assays and single nucleotide polymorphism (SNP) 
genotyping (e.g. Olsen et al., 2011; Polanowski et al., 2011; Hoffman et al., 2012; Vollmer & Rosel, 
2012). Only few studies have started to address questions about adaptation (Sun et al., 2013; Liu et al., 
2014; Yim et al., 2014), demographic and evolutionary history (Liu et al., 2014; Moura et al., 2014), 
functional genomics (Hoffman et al., 2013) and phylogenetics (Cronin et al., 2014). Sun et al. (2013) 
for example, use genome-wide scans of the bottlenose dolphin to identify candidate genes involved in 
the aquatic adaption of dolphins. Moura et al. (2014) used a nuclear genome to reconstruct the 
demographic history of killer whales and suggested the importance of the environmental changes during 
the glaciations. Using multiple genomes of polar bears, Liu et al. (2014) estimated the species 
divergence and found genes under positive selection. Even though marine mammal genomics is still in 
its infancy, the application of genomic methods has the potential to address several and novice ecological 
and evolutionary questions in marine mammals and other non-model species. 
The influence of molecular methods on marine mammal research can be observed in the number 
and proportion of publications including molecular methods. According to Web of Science, before the 
1990s, less than 3% of the publications on marine mammals included the words molecular*, genetic*, 
DNA* or genom* as a topic. However, after the 1990s, more than 15% of publications of marine 
mammals included those terms (Table 1).  
 
Table 1 Box 1. Number of publications including marine mammals and publications including 
marine mammals and molecular methods according to Web of Science  
  
Marine mammals1 Marine mammals including molecular methods2 
Years Total Average per year Total 
Average per 
year %  
2010-2014 6,813 1,363 1,319 264 19.4 
2000s 10,012 1,001 1,551 155 15.5 
1990s 5,999 600 946 95 15.8 
1980s 3,208 321 78 8 2.4 
1970s 2,196 220 66 7 3.0 
1960s 899 90 9 1 1.0 
1945-1959 399 27 0 0 0.0 
1 Search criteria: Title=(“sea lion*” or walrus* or “fur seal*” or “hooded seal*” or “bearded seal*” or “grey seal*” or “ribbon 
seal*” or “Waddell seal*” or “crabeater seal*” or “elephant seal*” or “monk seal*” or “Ross seal*” or “harp seal*” or “Caspian 
seal*” or “ringed seal*” or “spotted seal*” or “Baikal seal*” or “harbor seal” or whale* or dolphin* or narwhal* or vaquita or 
porpois* or cetacea* or pinniped* or “polar bear*” or manatee* or dugong* or "sea otter*" or "marine otter*" or "marine 
mammal*") NOT Title=("whale shark"). 2 Search criteria: Idem + AND Topic=(molecular* or genetic* or DNA* or genom*) 
 
 
The size of the populations and their demographic history 
The estimation of current and past population abundance is of great importance for 
understanding the evolution, ecology and defining conservation policies of marine mammals. 
The advance in population genetic theory allowed the genetic diversity-based estimation of the 
effective population size (), according to the equation  = , where  is an estimate of 
the genetic diversity of a given locus, x indicates the ploidy and mode of inheritance of the locus 




based methods rely on highly simplistic assumptions (e.g. equal and/or constant population 
sizes, symmetrical and/or constant migration rates), that are unlikely to be met by natural 
populations (e.g. Shapiro et al., 2004). Precautions should be taken as violation of those 
demographic assumptions could bias the results, in some cases (Palsbøll et al., 2013).  
 An approximation of the population census size () can be derived from the estimate 
of the effective population size if, for example, the ratio / of the population is assumed 
(Frankham, 1995). However, the estimation of  from the genetic diversity depends upon an 
estimate of the generation time of the species because the per-generation mutation rate is 
required (Kingman, 1980). Both generation time and the ratio / of natural populations 
depend on life history parameters, like fecundity, reproductive success and mortality rate, which 
can vary between populations and through time, due to environmental conditions. Detailed 
information on the above parameters is usually difficult to retrieve for natural populations, 
resulting in the use of rough approximations that can generate inaccurate abundance estimates 
(Waples, 2002; Palstra & Fraser, 2012).  
Insufficient sampling or presence of connected un-sampled populations could have 
implications for inferences of genetic diversity-based approaches as well (Beerli, 2004; Palsbøll 
et al., 2013). Some genetic diversity-based approaches do not account for the contribution of 
immigration on the observed genetic variation (e.g. Beaumont, 1999; Drummond & Rambaut, 
2007). As a result, analysis of genetic variation with those methods can ‘detect’ demographic 
changes in stable populations, if ephemeral increase or decrease of gene flow between 
populations took place (Peery et al., 2012; Heller et al., 2013). Similarly, effective population 
estimates could be overestimated if genetic structure is disregarded. Another issue that requires 
attention when diversity-based estimations are used is the selection of appropriate mutation 
rates employed, in order to reflect the time frame of the objective. Ultimately, it is important to 
remember that the genetic inference of abundance represent, in most cases, a long-term mean 
over the time frame that goes back to the most recent common ancestor, rather than a dated 
estimate (Beerli, 2009; Palsbøll et al., 2013).  
In a number of studies (e.g. Baker & Clapham, 2004; Alter et al., 2007; Phillips et al., 
2011), genetic diversity-based approaches have been employed to infer past population size 
changes in marine mammals and the processes that drove them. As a result, environmental and 
anthropogenic processes have been suggested to have caused demographic changes in marine 
mammals throughout their evolution. 
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Historical changes in population size of marine mammals: the role of Pleistocene 
glaciations 
A number of studies have employed estimates of genetic diversity in contemporary 
marine mammals to infer past, long-term abundances and investigate the impact of the 
Pleistocene glaciations on their populations. Geological events like the Pleistocene glacial 
oscillations have strongly affected the abundance of marine mammals (O'Corry-Crowe, 2008). 
During glaciations, sea ice expanded in polar regions, and as a result the regions with temperate 
and tropical waters reduced (e.g. Kaplan et al., 2008). Populations of several ice-associated 
species in polar regions expanded during glaciations and declined during interglacial periods 
(e.g. O'Corry-Crowe et al., 2010; Phillips et al., 2011; Miller et al., 2012; Phillips et al., 2013). 
For example, using genomic sequence data, Miller et al. (2012), detected two Pleistocene 
population expansions in polar bears during cooling periods (Middle Pleistocene and the Last 
Glacial Maximum), followed by declines during interglacial intervals (Marine Isotope Stage 
11, Holocene). A Pleistocene population expansion, which ended at the onset of Holocene, was 
indicated also for Steller sea lions (Eumetopias jabatus), with glaciations promoting the 
dispersal of large populations (Phillips et al., 2011). O'Corry-Crowe et al. (2010) used 
mitochondrial sequences and eight microsatellites loci to analyze the demographic history in 
beluga whales (Delphinapterus leucas). They suggested a population expansion and 
differentiation between belugas from the Beaufort Sea and Svalbard during the Last Glacial 
Maximum, with recurrent gene flow through the Russian Arctic, probably during interglacial 
low sea ice levels. An increase in bowhead whales (Balaena mysticetus) during the Last Glacial 
Maximum, followed by a population contraction around the beginning of the Holocene was 
indicated as well (Phillips et al., 2013). The authors argued that ice expansions and/or increased 
ocean productivity during the glaciations aided the population expansions of ice-associated 
marine mammals (Phillips et al., 2011; Miller et al., 2012; Phillips et al., 2013). 
Marine mammal species with tropical and temperate distributions were subjected to 
strong demographic changes during Pleistocene and Holocene as well (e.g. Amaral et al., 2012). 
Amaral et al. (2012) suggested that short-beaked common dolphins (Delphinus delphis) had 
recurrent population and range expansions during Pleistocene glaciations. Furthermore, 
Mediterranean harbor porpoise populations begun to fragmentize and collapse during the warm 
‘Mid Holocene Optimum’, when resources were reduced (Fontaine et al., 2010). Moreover, 
approximately 300 years ago, North Atlantic porpoises decreased in abundance and radiated 




the warming trend following the ‘Little Ice Age’ period and range shifts in cold-water fish 
(Fontaine et al., 2010). 
 
Migration and dispersal in marine mammals 
The movement of marine mammals can either be migration (intra-population), such as 
the seasonal migrations between feeding and breeding grounds, or dispersal (inter-population) 
from one population into another resulting in gene flow, such as the immigration into another 
breeding area. Although migration and dispersal are two different terms, they are often used 
interchangeable.  In population genetics the term migration is often used to refer to dispersal.  
Migration routes can be mapped using genetic techniques, in which the geographic 
locations of multiple samples of the same individuals are mapped and then used to define 
migration patterns. Genetic data, e.g. the composite genotype at multiple microsatellites loci, 
can be used as “tags” to identify an individual (Palsbøll, 1999). Palsbøll et al. (1997a) used 
genetic tagging to identify and track humpback whale individuals in the North Atlantic. With 
692 “recaptures”, they revealed individual local and migratory movements, limited exchange 
among summer feeding grounds, and mixing in winter breeding areas. Dispersal rates can be 
estimated on two time scales, contemporary scale: how many individuals can we detect that 
have moved to another population, and historical scale: what have been the levels of dispersal 
among populations throughout the history of a species. Contemporary levels of dispersal can 
be estimated with genetic markers using admixture analysis (Prugnolle & de Meeus, 2002), 
tagging (Palsbøll, 1999), or kinship relations (Palsbøll et al., 2010). Historical levels of 
dispersal are estimated through gene flow, which refers to the proportion of immigrants each 
generation (Wright, 1931). Two commonly applied methods for estimating migration are 
Isolation by Migration (IMa; Nielsen & Wakeley, 2001; Hey & Nielsen, 2004a; Hey & Nielsen, 
2007), and Migrate-n (Beerli & Felsenstein, 2001). 
 
Historical changes in dispersal in marine mammals and the role of climate change  
Global climate conditions have a major influence in the ocean connectivity and the 
resource availability. The integration of climate data and reconstructions of historical changes 
in gene flow can give insights into the ecological and evolutionary drivers of gene flow. 
Coalescent analysis and demographic modeling have been used in several marine mammals to 
describe dispersal (e.g. Fontaine et al., 2010; O'Corry-Crowe et al., 2010; Foote et al., 2011a; 
Sonsthagen et al., 2012). Foote et al. (2011a) established that in killer whales (Orcinus orca), 
the peak of historical female migration coincided with one of the so-called ‘Agulhas leakages’: 
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strong exchange of fauna between the Indo-Pacific and the southwest Atlantic during the 
interglacials of the late Pleistocene. Combining demographic model selections and coalescent-
based estimates of migration, de Bruyn et al. (2009) showed that southern elephant seal 
(Mirounga leonina) from Macquarie island colonized Victoria Land Coast in the Ross Sea of 
Antarctica when habitat became available after the retreat of sea ice. Fontaine et al. (2010) 
established that harbour porpoises dispersed northward in the Northeast Atlantic Ocean, 
probably as recent as during the few last centuries, when the climatic barrier to gene flow in the 
southern Bay of Biscay disappeared due to the warm period (200-300 years ago). 
 
 
Outline of this thesis 
 
This thesis is divided into three sections: a theoretical (Chapter 2), a methodological 
(Chapter 3 and 4) and an experimental section (Chapter 5 and 6). The theoretical section 
provides a critical overview of the current application of genetics to the study of marine 
mammals. The methodological section illustrates two key issues in any evolutionary and 
ecological study: the reliability of the methodological approach and the effect of the sampling 
effort. In the experimental section, two fundamental ecological and evolutionary questions are 
assessed: how many populations are there? and, how do species respond to environmental 
changes. 
In Chapter 2, “Genetics and genomics in marine mammals”, the application of genetics 
and genomics (as a subdiscipline of genetics) to the study of marine mammals is reviewed. 
Although, the range of questions towards which genetics have been applied in marine mammals 
is very broad, this chapter is focused on aspects that provide key insights into the ecology and 
evolution of marine mammals. Such aspects include the identification of sex and age of 
individuals, the identification of individuals and their close relatives, the estimation of past and 
current population abundance, the genetic structure of the population, selection and adaptation, 
and convergence evolution among different lineages of marine mammals. Throughout the 
chapter, some illustrative examples are highlighted and a final note of caution is presented. 
In Chapter 3, “Inferring past demographic changes from contemporary genetic data: a 
simulation-based evaluation of the ABC methods implemented in DIYABC”, one of the most 
popular Approximate Bayesian Computational (ABC) software packages used to infer past 




genetic data (mitochondrial DNA sequences, microsatellite genotypes and single nucleotide 
polymorphisms) was simulated under five different simple, single-population models to assess 
the model recovery rates as well as the bias and error of the parameter estimates. 
In Chapter 4, “The pitfalls of mitogenomic monophyly as the defining criterion for 
intraspecific evolutionarily distinct units: a cautionary tale of fin whale "subspecies", the 
implications of employing insufficient sample size and spatial coverage when defining 
evolutionary distinct units is illustrated. An extended analysis of the global mitogenomic 
phylogenetics assessment of the fin whales by Archer et al. (2013) was performed and the 
consistency of the results when increasing the sampling effort was evaluated.  
In Chapter 5, “Population structure of North Atlantic and North Pacific sei whales 
(Balaenoptera borealis) inferred from mitochondrial control region DNA sequences and 
microsatellite genotypes”, the spatial distribution of genetic variation of the North Atlantic and 
North Pacific sei whales was investigated. The divergence time between populations as well as 
their historical levels of effective population size and immigration rate were estimated. The 
interpretation of the results was focused on the ecological processes that could have yield to the 
historical levels of genetic differentiation and migration rate between populations. 
In Chapter 6, “Late Quaternary demographic responses of baleen whales associated to 
climate change and prey dynamics”, how large-scale climate fluctuations during the Late 
Quaternary affected the population dynamics of baleen whales and their prey was investigated. 
Past changes in effective population size and immigration rate were estimated from genetic data 
collected from eight baleen whale species and seven prey species in the Atlantic and Southern 
Ocean of the Northern and Southern Hemisphere. This chapter is focused on the changes that 
occurred during the Holocene-Pleistocene transition and the association between climate, prey 
and predators on a large temporal and spatial scale. 
Finally, in Chapter 7, a synthesis of the main findings and conclusions of this thesis is 
presented. 
 
  
 
 
 
 
 
 
 
 
 
 
